Background As life expectancy increases, more elderly patients with end-stage hip arthritis are electing to undergo primary THA. Octogenarians undergoing THA have more comorbidities than younger patients, but this is not reflected in risk adjustment models for bundled care programs. The burden of care associated with THA in octogenarians has not been well characterized, and doing so may help these value-based programs make adjustments so that this vulnerable patient population does not risk losing access under accountable care models.
Introduction
With greater life expectancy, the number of elderly persons continues to increase worldwide. Improvements in medical care along with increased life expectancy and the desire to maintain mobility and independence have resulted in an increased number of octogenarians and nonagenarians undergoing THA. The clinical benefit and improvement in quality outcome measures demonstrated in younger patients undergoing primary THA are also true in the elderly. Mota [12] demonstrated that primary THA is cost-effective in our aging population. The increased numbers of our elderly undergoing total joint arthroplasty places a burden on our healthcare system from a financial and resource perspective. In hopes to provide value-based health care to all patients undergoing total joint arthroplasty, the Centers for Medicare & Medicaid Services (CMS) has enacted innovative strategies such as the Bundled Payments for Care Improvement (BPCI), which prompts hospitals and providers to be more accountable in the overall care episode for the patient. There are four different models of the BPCI program. The model that is commonly used consists of bundling the cost of the inpatient hospital stay along with 90 days of postoperative care. The institution participating in the BPCI is responsible for all costs incurred within the 90 days, including complications and readmissions.
With the advent of bundled payment models, institutions and providers are financially penalized for complications and readmission. Octogenarians in general have greater comorbid conditions and are at higher risk for complications and readmissions [5] . However, there are currently no risk adjustment models for patients with serious comorbidities undergoing THA. It seems important to calculate the care burden that octogenarians place on the healthcare system when they undergo THA; information on comorbidities, complications, and readmissions among octogenarians might help to guide risk adjustment models to better reflect the actual costs of care associated with this important but somewhat vulnerable patient population that may place a greater burden on the healthcare system.
The purpose of this study was to describe care use, comorbidities, and complications among octogenarians undergoing primary THA in an effort to identify specific risk factors that lead to increased readmissions and therefore overall healthcare costs.
Materials and Methods
Part A (inpatient services) of 5% Medicare national administrative claims data was queried to identify patients diagnosed with hip osteoarthritis between January 1, 1998, and December 31, 2013. All fee-for-service claims submitted by the hospitals are included in this data set. We chose this database because given the unique number assigned to Medicare beneficiaries, they can be followed in a longitudinal fashion regardless of the treating institution or provider. The database is very robust and provides the requisite information for our purpose with significant power [2, 11] .
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code 715.x5 were used to identify patients who were diagnosed with hip osteoarthritis. Patients undergoing primary THA were identified with ICD-9-CM procedure code 81.51. Patients with less than 12 months of history or beneficiaries enrolled in a health maintenance organization were excluded. Patients who were not enrolled in both Parts A and B of Medicare or patients younger than 65 years of age were excluded. Finally, beneficiaries residing outside of the 50 states were excluded. The octogenarian group was stratified from remaining age groups.
The patients were followed longitudinally during the study period using their unique, encrypted Medicare beneficiary identifiers. The average followup was 6 years (SD 4 years) with a median followup of 5.5 years (25th percentile: 2.6 years; 75th percentile: 8.9 years). Mortality was monitored by a linked ''denominator'' file provided by the CMS with the analytical data sets. The outcomes of interest were identified by ICD-9-CM codes shown (Table 1) . ICD-9-CM code 453.42 for venous thromboembolic (VTE) disease was effective from October 2004, whereas diagnosis code 996.42 for hip dislocation and procedure codes 00.70 to 00.73 for revision THA were effective from October 2005. The rest of the codes were effective by the beginning of the study period.
Multivariate Cox regression was used to evaluate the effect of patient/hospital factors on risk of revision/ arthrotomy, prosthetic joint infection (PJI), dislocation, VTE, and mortality. The Cox model combined the likelihood functions from each confounding factor and estimated an overall event ratio and corresponding confidence intervals. Patient factors in the model included age, sex, race, region, socioeconomic status (Medicare buy-in status was used as proxy; this represents state subsidy for the Medicare premium), health status based on Charlson comorbidity score, diagnoses of diabetes (250.xx), obesity (V85.3x, V85.4x, and 278.0x), and heart disease (410-414, and 428) in 12 months before replacement surgery. Hospital/clinical variables included hospital size (number of beds), hospital control (nonprofit, private, public), hospital location (rural, urban), hospital type (teaching, community), and year of surgery. The type of hip osteoarthritis diagnosis was also included as a covariate. Year-squared was also added as a covariate to adjust for any nonlinearity in year. Competing risk resulting from death was accounted for in the analysis. Death before the end of the study and without first observing the event of interest was defined as a form of censoring resulting from competing risk. The hazard-specific Cox modeling approach was used in the analysis and competing risk censoring was specifically indicated in the model for proper handling. Statistical analysis was performed using SAS statistical software (Version 9.4; Cary, NC, USA).
Results
During the study period 1998 to 2013, there was an 81% increase in the incidence of primary THA in the octogenarian population (Fig. 1 (Fig. 2) . With increasing age, the proportion of patients discharged to home (with or without home health services) decreased, whereas more patients in the older age groups were discharged to rehabilitation facilities or skilled nursing facilities (Fig. 3 ).
The octogenarian group had a greater adjusted risk of dislocation (+16%; 95% confidence interval [CI] 4%-30%; p = 0.006), VTE (+30%; 95% CI 22%-37%; p \ 0.001), and mortality (+385%; 95% CI 357%-400%; p \ 0.001) at 10 years compared with the younger 65-to 69-year cohort ( Table 2 ). The 65-to 69-year-old cohort had a 31% higher revision risk (95% CI 16%-48%; p \ 0.001) but no difference in infection risk (À3%; 95% CI À13% to +9%; p = 0.638) compared with the octogenarian group at Fig. 1 The incidence of THA showed an 81% increase in the octogenarian population during the study period. Kaplan-Meier survival analysis showed that at 10 years, approximately 25% of octogenarians (95% CI 26%-27%) had VTE compared with 20% of patients in the 65-to 69-year cohort (95% CI 19%-21%; p \ 0.001). Finally, at 10 years, 7.1% of octogenarians (95% CI 6.6%-7.6%) had dislocation compared with 6.1% of patients in the 65-to 69-year cohort (95% CI 5.7%-6.5%; p = 0.006; Fig. 5 ).
Discussion
As life expectancy increases, more elderly patients are undergoing primary THA to alleviate pain to continue their activities of daily living and enjoy quality of life. Levy et al. [9] showed that 88% of patients older than 80 years of age after primary THA were community ambulators at long-term followup. The Charnley hip scoring system, Harris hip scores, Merle d'Aubigne system, and WOMAC scores have consistently shown improved results after primary THA in older patients when compared with arthritic younger patients undergoing the same procedure [6, 7, 9, 10, 15, 17, 19] . However, concerns about the safety and increased complications remain in the elderly undergoing primary THA; this is especially important in the bundled payment era in which institutions and providers are financially responsible for complications and readmissions. However, in the elderly patient, despite medical management, increased complications and readmissions are likely the result of the comorbid conditions in this higher risk group. We compared complications and readmission incidence between the octogenarian group and a younger cohort during the same time period. The octogenarian group had increased complications with respect to VTE, dislocation, and infection leading to increased readmission incidence. During our study period, there was an approximately 81% increase in the number of octogenarians undergoing primary THA. This study has several limitations. First, the data set represents only 5% of the Medicare inpatient administrative claims sample. This may introduce information and sampling biases. Limitations with the database also include the lack of laterality information. However, this data set has been validated in other studies evaluating trends over time and, therefore, we believe that these observations are accurate [2, 14] . Furthermore, this 5% sample is based on a systematic but randomized sample of the entire Medicare population based on selected digits in the beneficiary's insurance claim number. Fig. 3 With increasing age, the proportion of patients discharged to home (with or without home health services) decreased. HHS = home health services; SNF = skilled nursing facility. Databases can only provide an overview at a population level and fail to provide details at the individual patient level such as their functional situation, mental acuity, extent of their comorbid conditions, and home support system. Our analysis adjusted for various comorbidities and preexisting health conditions when comparing the outcomes between the octogenarians and the younger patients. However, these types of databases cannot provide guidance in terms of treatment strategies or policy because it cannot define the drivers of complications and readmissions in this population. Detailed studies at the institutional levels are necessary to identify the patient risk factors leading to increased risks postoperatively after primary THA.
The octogenarians in our study had a greater number of comorbid conditions than did patients in the younger cohort, perhaps leading to the observed increased risks of death and complications. Thirty percent of the octogenarian group in our study had a Charlson score of 3 or greater, whereas only 17% of the 65-to 69-year cohort had a score of 3 or greater. Several studies have also found high rates of postoperative medical complications in patients older than 80 years old undergoing total joint arthroplasty with the incidence ranging from 14% to as high as 77% [7, 13, 15, 20] . Kreder et al.'s [8] analysis of complications after either TKA or THA from the Canadian registry showed that octogenarians, compared with the control group composed of 65 to 79 year olds, had an increased incidence of major and minor complications. The mortality rate after THA was found to be 4.4 times higher, the risk of myocardial infarct was 2.7 times higher, and there was a 3.5-fold increased risk in pneumonia. Our results found that Fig. 4 An increased risk of 90-day readmission was observed with older age. the risk of mortality was higher for octogenarians when compared with all younger cohorts at all time points. Our data demonstrated an increased incidence of perioperative complications with increased comorbid conditions similar to other studies [8, 13, 16] . The octogenarians in our study had a 30% greater risk of VTE at 10 years when compared with the younger 65-to 69-year cohort. The increased risk of VTE in the octogenarians is likely a multifactorial problem, including factors such as a more sedentary lifestyle compared with younger patients and perhaps dysfunction of the coagulation cascade as patients age [1] . Given the increased risk of VTE in the octogenarian, strategies need to be developed for improved VTE prophylaxis such as adequate chemical and mechanical prophylaxis, early mobilization, and greater postoperative surveillance. If increased numbers of octogenarians are being discharged to nursing homes, studies are required to determine whether there are adequate resources at these facilities to provide for the greater attention this group of patients requires to minimize postoperative complications such as VTE.
In this study, there was a 16% increased risk of dislocation in the octogenarians when compared with the 65-to 69-year cohort. Prior studies have found the incidence of dislocation after primary THA to range from 4% to 15% [9, 13] . With the advent of larger femoral head sizes, capsular repair, and newer approaches, dislocation rates have decreased [4, 18] . The etiology of the increased dislocation incidence in the octogenarian undergoing primary THA likely is multifactorial and may include lax capsular structures, weak musculature, impaired proprioception, and cognitive problems that may predispose them to a higher risk of dislocation. We did not find any increased risk of PJI in the octogenarian when compared with the younger age group we studied.
The increased incidence of octogenarians undergoing primary THA over this study period by approximately 81% places a substantial burden on our already fragile healthcare system. To improve outcomes and help decrease the costs of this increased total joint replacement volume, the BPCI program was initiated to hold institutions and providers more accountable for the delivery of care. The BPCI initiative has been shown to improve overall patient care and decrease healthcare costs in some instances [3] . Identifying patients at greater risk for complications and readmission and appropriately educating and managing them preoperatively through an algorithmic approach to maximize their healthcare status is critical to the success of this value-based healthcare model. In large part, the institutions realize savings when patients are discharged to home as opposed to a nursing home or rehabilitation facility. Institutions are therefore encouraged to educate patients and manage their medical comorbidities before surgery with the goal of decreasing surgical complications. However, if patients are readmitted or have complications, then the cost of the added service to the patient is in large part absorbed by the institution.
Our study identified an increased frequency of complications, readmissions, and discharge status to nursing homes in a subset of elderly Medicare patients undergoing primary THA. Seventy-three percent of octogenarians were discharged to either a nursing home or rehabilitation facility compared with only 38% of the 65-to 69-year-old group. A total of 21% of the octogenarians were readmitted within 90 days of surgery compared with 12% for patients in the younger (65-69 years old) group. This has implications for institution providing THA to the elderly. A 21% readmission incidence would place the overall bundled payment program at jeopardy at these institutions if the entire cost of the readmission was absorbed by these institutions. Because octogenarians are at increased risk of dislocation, VTE, medical complications, and mortality after THA, value-based care models that penalize hospitals for readmissions and complications may inadvertently result in loss of access to care for this group of patients as a result of the financial makeup of these bundled care models.
The success of the BPCI is in large part dependent on delivering quality care to minimize the incidence of readmission and complications. The model has to be fair for all stakeholders involved in the delivery of care and sharing in the risks. The BPCI has several positive aspects that incentivize institutions to develop a program to improve overall patient outcomes. Programs are now sensitized to identifying high-risk patients undergoing THA and managing their medical conditions before surgery. Based on our study, we feel all elderly Medicare patients should undergo risk stratification and, if deemed to be of high risk, should all undergo preoperative medical clearance. Despite a well-developed preoperative program to improve health before surgical intervention, there are inherent increased risks leading to readmissions and complications in the octogenarian as a result of their comorbid conditions, which need to be considered or accounted for in the BPCI model. With the increased complications and readmission rates in the octogenarian, the BPCI program may also inadvertently penalize those institutions with a greater burden of providing care for Medicare beneficiaries older than 80 years of age.
The BPCI program has recently been implemented and requires further modification and needs to evolve as additional data become available. Collective discussions among stakeholders involved with the BPCI program should identify strategies and formulas to account for the added complications and readmissions in the octogenarian. This could include changes in the payment structure with multipliers to include age, extent of comorbid conditions, and socioeconomic status. Other options could include limiting the downside risks based on the same factors.
Value-based care models were developed to improve care and decrease healthcare costs, but may have unintended consequences in the octogenarian. To try to prevent this from happening to this vulnerable patient population, bundled care programs need to further evolve and allow for modifications to its inherent structure by gathering data on an ongoing basis on performance, outcomes, and overall costs to the program and institutions providing care. With increased life expectancy and more elderly patients undergoing primary THA, age alone should not be the limiting factor when considering surgical intervention despite the anticipated increased complications in this group. For continued success, the BPCI program needs to evolve and allow for risk stratification in the overall payment formula to account for increased age and comorbid conditions to avoid unintended consequences and promote continued participation at institutions caring for the elderly seeking THA.
